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Abstract 
Transformations of a fluvial system are caused both by natural factors and human pressure. These factors model 
the system independently at different times and with different intensities or they affect it simultaneously. The 
aim of this study is to identify the transformation of the Bobrza river valley system occurring under natural 
conditions and that occurring under the influence of human activity. The identification was based on specific 
indicators The study was conducted in the valley mouth of the Bobrza River (Holy Cross Mountains), where 
three research sites were located. The investigation concerned the relief of the valley and the mineral and organic 
deposits. A wide range of research methods were used during the study e.g.  analysis of LiDAR data, 
macronutrient analysis, and radioactive dating. The analyses enabled the natural and anthropogenic 
transformations of the Bobrza river system to be distinguished using the following indicators: morphometric and 
sedimentological characteristics of the palaeomeander (natural transformation), the sequence of mineral and 
organic deposits in exposures on the contemporary floodplain (natural and anthropogenic transformation) and 
transformation associated with the operation of a water mill (anthropogenic transformation). In addition, it is 
worth mentioning that the Bobrza channel is the location which has provided the only fossils of Juncus 
subnodulosus in south-east Poland.  
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Introduction 
 
The transformation of river valleys is a 
widespread and natural phenomenon. Elements 
of the fluvial system are very sensitive to 
environmental change (Korpak et al. 2008). 
The dynamics of the changes occurring in river 
valleys are dependent on a variety of 
environmental factors with varying intensity 
over time (Brocard et al. 2003; Korpak et al. 
2008; Grimaud et al. 2014; Steward, Desloges 
2014). Initially, geomorphological change in 
river valleys was only associated with natural 
processes. In the period 30-10 000 years BP 
there were significant changes in the evolution 
of riverbeds under the influence of climate 
change which reorganised river valleys 
through a system of braided-channels in a 
large-meandering to small-meandering system. 
The whole cycle consisted of changing trends 
of river erosion and accumulation, indicating a 
clear phase of erosion and the incision of rivers 
in the Holocene period (Gębica, Starkel 1987; 
Petera-Zganiacz, Forysiak 2012; Krupa 2013). 
Their accumulation and erosion were closely 
associated with fluctuations in climate (Kalicki 
2006). In the Holocene, with time, human 
impact was increasingly evident in its role as 
the new factor affecting changes in relief 
(Majewski 2008; Kalicki, Tyniec 2009; Luc, 
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Szmańda 2009). With the development of 
human cultures, it played an increasingly 
active role in the transformation of river 
valleys (Czebreszuk 2009; Kittel et al. 2008). 
Traces of human pressure are also stored in 
relief and valley sediment in a similar manner 
to traces of natural processes (Twardy et al. 
2008). Populations engaged in cultivating the 
land, farming and shepherding in intensively 
logged and burned forests, changing the 
species composition of the vegetation cover, 
and modifying the slope profiles and 
intensifying erosion (Reder et al. 2010). Later, 
advanced forms of human activity such as 
ferrous metallurgy appeared in the river valleys 
causing changes in the longitudinal profile of 
the valley and the processes of deposition 
(Król et al., 2010; Krupa 2013; Malik et al. 
2015). The aim of this study was to identify, 
on the basis of separate indicators, changes in 
the way the Bobrza river valley functions 
under natural conditions and under the 
influence of human activities. Due to the lack 
of such studies of the Bobrza valley, which is 
particularly important in regional terms, 
studies have been undertaken which may make 
a contribution to comprehensive 
palaeogeographic research on the region. 
Study area 
 
The Bobrza is the longest right bank affluent of 
the Czarna Nida river. It is a meandering, 
partially regulated, river with a sand and sand-
gravel bed. The length of the main watercourse 
is 48.9 km. The area of its basin is 375 km². 
The part of the valley studied in detail is 
located in the Chęcińskie Hills (Holy Cross 
Mountains), approx. 15 km south-west of the 
city of Kielce (Fig.1). The research sites in this 
section of the river are located about 2.5 km 
from the river mouth (Fig.1). Hills consisting 
of limestone and Middle Devonian dolomites 
with an abasement on the Lower Carboniferous 
schist dominate in this part of the catchment 
(Czarnocki 1957, Filonowicz 1971, Gilewska 
1972, Dylikowa 1973). During the San I and 
San II glaciations the valley was buried by 
glacial material. During the Warta and Odra 
glaciations, the Bobrza valley was filled with 
river sands and gravels mixed with solifluction 
material. During the Vistulian, the valley was 
under the influence of a periglacial climate. At 
that time, a loess cover arose. During the 
interglacial periods deposits were gradually 
washed out (Burchard 1978). 
 
 
Fig.1. Location of research area and detailed location of research sites 
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In the Holocene, the period of time known 
as the Middle Ages is considered of vital 
concern in understanding the Bobrza valley. 
There was extensive human use for economic 
purposes at this time. Until the beginning of 
the twentieth century iron ore, copper, lead and 
barite mines were in operation there, 
sandstone, limestone and dolomite quarries 
were being worked and in addition lime kilns, 
steel works, iron works and weapons factories 
were in production. The river supplied as much 
as approx. 10-18 hp (horsepower) of energy to 
the water wheels of the blast furnaces (Król et 
al. 2010). 
For the purposes of this study three 
research sites were identified: 
 the "Mill" site, including part of the Bobrza 
channel with the mill remains  
 the "Bobrza channel" site - located approx. 
450 m below the previous site, covers a 
small part of the Bobrza channel, the left 
exposed part of the bank 
 the "Palaeomeander" site - located approx. 
200 m below and to the east of the “Bobrza 
channel” site  in the distal part of the 
floodplain. It is a inactive river bed 
dissected in the late Vistulian sediments 
(Filonowicz 1971) 
 
Materials and methods 
 
The "Palaeomeander" site 
 
A thorough analysis of the terrain was 
conducted by comparing topographic maps of 
different ages. The morphometric parameters 
of the palaeomeander were measured and 
compared with other meander generations and 
the contemporary river bed. The results were 
obtained from LiDAR data. On this site three 
bores were made in a line transverse to the axis 
of the palaeomeander. To collect the fill 
material, an Instorf drill was used in peat to 
extract 50 cm of sediment until the sand bed 
was reached. One of the samples (the clay 
fraction) from the "Palaeomeander" position 
(containing green grains) was subjected to a 
detailed petrographic analysis. This sample 
was washed in sieves with 1.0; 0.5; 0.25; and 
0.125 mm mesh diameters, and was then 
subjected to drying without the reduction 
process in order to avoid damaging the grains. 
Then, 300 grains were selected for analysis 
aimed at identifying the origin of the grains. 
 
The "Bobrza channel" site 
 
To describe the deposits from the exposure at 
the “Bobrza Channel” site, the lithofacies code 
as modified by Zieliński (1995) was used. A 
total of 18 samples were collected for the 
analysis of sediments. Deposits were collected 
at every 10 cm vertical interval in the 
exposure. Samples were analysed by grain-size 
analysis (mesh diameter in mm: 1.0; 0.5; 0.25; 
0.125; 0.1; 0.063). Separately,  large white and 
brown fragments of rock and associated 
organic matter were collected. The rock 
fragments collected were subjected to 
macroscopic analysis, which aimed at 
identifying and determining the origin of the 
rocks. A sample of biogenic deposit from the 
"Bobrza channel" site was analysed for its 
macronutrient content and the presence of 
plants indicating human activity. The 
remainder of the organic sample was 
transferred to radioactive dating in the 
Laboratory of Absolute Dating in Skała. 
 
The "Mill" site 
 
At this site topographic maps of different ages 
were also used for the purpose of analysing the 
terrain relief and the location of the mill 
buildings. Lateral and longitudinal profiles 
were created as part of the "Surfer" program in 
addition to graphics depicting terrain relief. All 
the digital models were developed using 
LiDAR data. 
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Results 
 
The "Palaeomeander" site 
 
The Palaeomeander in the eastern part of the 
valley undercuts a high  terrace of middle 
Pleistocene age, and has a radius of approx. 80 
m, an amplitude of approx. 100 m, and a 
channel width of approx. 15 m. On the 
opposite side of the palaeomeander there is a 
meander hummock. All the relief forms are 
clearly visible in the landscape. After 
comparing several generations of meanders, it 
can be concluded that the parameters of the 
study palaeomeander are larger than 
contemporary channel parameters and those of 
channels of other generations (Fig.2). The age 
of the forms was determined, on the basis of a 
geological map, to be a inactive river-channel 
dissected in late Vistulian sediments. 
In the deepest location drilled, the 
palaeomeander is filled with material 123 cm 
thick composed of dark silts mixed with 
organic matter. Green mineral grains of 
vivianite  were found at a depth of 122 cm in 
the layer where the silt is in contact with sands. 
 
The "Bobrza channel" site 
 
There are both mineral and organic deposits in 
the exposure on the contemporary bank of the 
Bobrza. The mineral layers are mainly 
composed of sand, and in addition there is a 
considerable amount of material of silty grain-
size. In the profile analysed (Fig. 3) we can 
mainly distinguish lithofacies of sand with a 
massive (Sm) or deformed structure (Sd). 
There is also local cross-bedding (Sx) 
stratification of the sand. In the central part of 
the profile there is a distinct layer of massive 
sand with fines (SFm). In the bottom layer, 
beneath the solid profile of the massive coarse-
textured sand (Sm), there is a lens of organic 
material (C), and rock debris (B) (diameter of 
10 to 40 cm). In the bottom of the profile tree 
logs (C) were also deposited. The whole 
profile is characterised by the discontinuity of 
layers and distorted structures. 
 
 
Fig.2. Comparison of the meanders of different generations with the contemporary river-bed, on the basis of 
selected parameters. w-the average width of the meander; r- radius of meander curvature; v- meander amplitude 
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Fig.3. Exposure of deposits from the "Bobrza channel" site described using the lithofacies code. The black 
rectangles marked are sampling locations. Structural symbols of sediments: G-gravel/ conglomerate; S-sand/ 
sandstone; F- fines, silt / mud or siltstone / mudstone; C- organic deposits; SF-sandstone with fines. Textural 
symbols of sediments: m- massive structure; x-cross-stratification (in general); d-deformed structure 
 
Starting from the lowest layer of the 
profile, bigger, beige rock fragments were 
classified as micrite limestone on the basis of 
macroscopic diagnosis. The fragments of 
limestone do not bear any traces of fluvial 
transport. However, they were, to a large 
extent, weathered (soft to slimy surface layers). 
Smaller fragments of brown rock were 
identified as flint. 
The residual solids of organic material 
lying above the micrite limestone were dated 
using radiocarbon as having an age of 610 ± 60 
BP (1421cal AD). Wood was found to be 
dominant in the organic sample (more than 
80% of the surviving phytoclasts). The first 
material identified was the wood of 
broadleaves belonging to different species of 
poplar, willow, grey alder and black alder. The 
wood of Scots pine is also present with a high 
frequency. In addition to the wood, periderm is 
listed in a sample which indicates the presence 
of the remains of other trees. Tracheids of 
Polypodiales (Fig. 4) are also present. The 
epidermis (Cyperaceae and Poaceae) has been 
found in the sample, as well as the roots of 
rush type plants, among them the common reed 
and very rarely sedges (Carex). From the 
carpological findings the seed husks of Juncus 
subnodulosus, now rare, were identified. 
Moving on to the next layers above the 
limestone, the value of the grain size 
composition index should be taken into 
account when considering them as mineral 
deposits. This part of the exposure can be 
divided into three parts. At a depth of between 
180 and 120 cm, the average grain size 
increases. The standard deviation takes values 
in the range from 0.5 to 1, which indicates an 
average sorting of the deposit. The value of 
skewness indicates a relatively symmetrical 
distribution of the grain size of the sediments 
resulting from a tendency to the thickening of 
grains. Also kurtosis confirms a more dynamic 
deposition environment. At a depth of 120 to 
70 cm the value of the standard deviation 
increases to 1.49, indicating a weak sorting of 
the sediment and a changing deposition 
environment. Mean grain diameter decreases,  
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Fig.4. Pictures of macroscopic remains, taken with 
an optical microscope with transmitted light 
(magnification of 100 to 400X). 1. Coils of 
Polypediales x400; 2. Alnus wood  x400; 3. Pinus 
Silvestris wood, x400;  4. Corylus wood, spiral 
bead x400; 5.Pinus peryderma  x400; 6.Peryderma 
x400; 7. Juncus subnodulosus x400;  8. Carex root 
x400;  9. Populus wood,  homogeneous rays x100;  
10, Populus radial wood x 400 (Phot. K. Wójcicki)  
 
and skewness presents negative values, giving 
a symmetrical or negatively skewed 
distribution, which in turn indicates a change 
in the pulse periods of increased growth in 
sedimentary environments. Pulsed changes 
also confirm the value of kurtosis. In this part 
of the profile we are faced with a dramatic 
change in the deposition environment in 
comparison with the deposits referred to 
above. From a depth of 80 cm to the ceiling of 
exposure, the standard deviation reaches values 
of 0.5 to slightly more than 1, which indicates 
an average sorting of sediment. Skewness 
closes in the range from +0.1 to +0.3 and has a 
positively skewed distribution, which indicates 
moderate dynamics of the sedimentary 
environment and uniform deposition 
conditions. 
 
The “Mill” site 
 
The mill building (now non-existent), 
connected to the mill wheel, was located right 
by the left edge of the river bank. Damming 
was achieved by abstracting from the main 
channel with a two-part structure (Fig. 5). At 
the upper level of the dam there was a weir 
through which water was directed to the mill 
wheel. Elements of the weir are visible today 
on the remains of the dam. 
 
 
Fig.5. A – A photo from the 1950’s showing the 
dam and the mill building. B- The interrupted dam, 
with the remains of the weir on the right hand side 
and the eroded bank of the left hand side of the 
river channel 
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On the basis of the Digital Terrain Model 
and field analysis of the contemporary 
morphology of the river channel, it was found 
that the range of the backwater is about 130 m. 
Thorough analysis of the river bottom based on 
the Digital Terrain Model enables one to state 
that bottom changes go much further, to 
approx. 500 m (Fig. 6). The profiles generated 
represent changes in the river Bobrza 
morphology caused by the dam. The changes 
were both in the transverse plan and 
longitudinal profile of the channel (Fig.6). 
When constructing profiles a large elevation 
was deliberately used so that the changes can 
be indicated. 
Discussion and summary 
 
The summary should commence with the 
oldest form in the study area, which is a 
palaeomeander in a distal part of the valley. It 
is a form which is a remnant of the functioning 
river channel with large flow parameters and 
larger than current metric parameters (Fig. 7 I).  
The contemporary riverbed has less 
tortuosity, has smaller meander radii, and is 
also narrower. As we know from the 
geological map (Filonowicz 1971), the 
palaeomeander is located on a fluvial sand 
substrate of late Pleistocene age 
 
 
Fig.6. Location of the transverse and longitudinal profiles routed through the valley and the Bobrza channel on 
the "Mill" site. In the upper right hand corner there is an outline of the pond backwater visible in channel 
morphology 
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and undercuts a higher river terrace, built of 
river and periglacial sand and gravel, which 
derives from the Odra and Warta as well as 
Vistula glaciations.Only the bottom part of the 
valley was involved in the channel 
transformation from huge meanders to  
meanders with smaller parameters, as a result 
of which parts of the valley with remnants of 
huge meanders with large flow parameters 
were able to survive (Szwajgier 1999). Apart 
from the form examined, such fragments of 
meanders are rather scarce in the study area. 
The sediment filling oxbows usually consists 
of a mixture of biogenic and minerogenic 
components (Wójcicki 2013). The same is true 
in the case of the "Palaeomeander" site. The 
palaeomeander is filled with fine-textured 
mineral sediment with an admixture of organic 
components. This type of filling shows 
frequent episodes of flooding, depositing fine 
particulate material. We also gain information 
about the separation of the old oxbow from the 
active channel of the river which lasted for a 
considerable period of time. Green grains of 
vivianite, contained in the filling of the 
palaeomeander, are formed as a derivative 
mineral of many ores. It is found in clay 
sediments or as a component of lacustrine iron 
ore and is commonly found in peat, bog iron 
ore and brown iron-ore (Bolewski, Manecki 
1993). When analysing the deposits, the 
possibility that the origin of these mineral 
grains was associated with industrial activities 
was excluded. The substrate age, a comparison 
of the parameters of the form, its fill material 
and the processes identified can be used as 
indicators of the natural origin and 
development of the palaeomeander. 
At the next site – the “Bobrza channel” – 
the sediments of the contemporary floodplain 
are revealed. This area 'is an example of' a 
dynamic system in which there is almost 
constant erosion in some places and 
accumulation in others (Hupp, Bornette 2003). 
Trying to explain the presence of the rock 
fragments in the bottom part of the exposure in 
the Bobrza channel, one should take into 
account the fact that the supply of coarse 
mantle-rock fragments to riverbeds is affected 
both by fluvial and by slope processes. The 
upper part of the drainage basin is a zone of 
debris production and that is where there is a 
feedback system between the river bed and the 
slope (Owczarek 2004). In broad bottom 
valleys (as in the section examined) the valley 
bottom takes the supply role of the slopes 
(Kostrzewski et al. 1994). 
 
 
Fig.7. Diagram showing some stages of operation of the Bobrza channel at different times (hypothetical). I- 
period of huge meanders II- period of industrial activity; III- period of the occurrence of Juncus subnodulosus 
cover with the surrounding forest communities; IV- period of operation of the water mill 
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 On the basis of these assumptions, it is 
likely that rock elements were deposited in the 
bottom of the valley during an episode of 
extreme flooding or intense human activity. 
However, given the remoteness and location of 
the limestone rock outcrop (coarse-bedded 
limestone, rocky and platy with flints) below 
the current site of deposition, the second 
scenario seems more likely. Also, the age of 
the organic material (1421 AD) on residual 
fragments of limestone, indicates a greater 
probability of its deposition in the bottom of 
the valley as a result of human activity. The 
moment of deposition that was established for 
the organic sample follows immediately after 
the start of increased human activity in river 
valleys in Poland and in Europe generally 
(Florek 2008, Kalicki 2006). We have 
information on the existence of an ironworks 
and steelworks a few hundred meters from the 
area investigated which dated from the  XIII 
century (Kmieć 1998). According to the 
findings, it has been shown that the steel 
industry in the Mazowieckie metallurgy centre 
was closely associated with the production of 
burnt lime. The location of the lime is 
associated with the location of blast furnaces, 
and the results of chemical analyses of cinders 
clearly indicate the use of lime as a feature in 
metallurgical processes (Chomentowska 1982). 
This fact can be linked to the existence of a 
lime kiln in the area, the remains of which may 
be attributed to the fragments of limestone 
found (Fig. 7 II). Analysis of the 
macronutrients of organic matter from the 
bottom of the exposure indicates that the 
deposition took place in a forest environment 
containing a large variety of wood species 
(Fig. 7 III). Using a guide for classifying 
Polish plant communities (Matuszkiewicz 
2006), the botanical composition indicated by 
the components can be classified as: riparian 
forests with willows and poplars and humid 
coniferous forest. The seed husks of the now 
rare Juncus subnodulosus identified in the 
sample may be another diagnostic element of 
environmental change. According to the 
ecological index numbers (Zarzycki et al., 
2002), this is a subatlantic species which grows 
on alkaline, rich, moist and wet soils in warm 
temperate climates, and with full access to 
light. Currently, the occurrence of this species 
is limited to areas of north-western Poland, 
Pomerania and a single position in the Odra 
valley (Gałka 2009). To get a better overview 
of the situation relating to the development of 
Juncus subnodulosus stands on the "Bobrza 
channel" site, a description of one of the 
contemporary stands of this species in Poland 
needs to be provided. Such a description was 
made by Buliński (2005). The stand is located 
in Gdańsk Oliwa, in a side branch of the 
Valley of Joy. The area is inclined at an angle 
of 5 to 10° in the direction of flow, with a 
southern exposure. It is a damp area, with 
numerous seepages. The stand of Juncus 
subnodulosus is located in an open area 30 x 
15 m in size and surrounded by black alder 
trees. There is a dense patch reaching a height 
of 1 m and which tends to lodge when growing 
in a dense clump. The species occurs in an area 
covered by a layer composed 100% of herbs 
with a significant share of bryophytes. Turning 
to the mineral deposit lying at a depth of 170 to 
120 cm in the profile, the variations in average 
grain size, alternating between increasing and 
diminishing, and variable values of skewness 
periodically indicate a river transport of greater 
or lesser strength. This kind of change in pulse 
energy is characteristic of a sandy braided river 
(Ludwikowska-Kędzia 2000). At this level one 
can also see that gutter scour infill has also 
been inserted in the profile; this is fill of 
sandstone with fines facies, probably 
representing wash-out structures of erosion 
channels. According to the study by 
Kaczmarzyk et al. (2008) investigating 
sequences of deposits in the valley of the 
middle Wieprza, another fine-grained material 
in the 120-70 cm level should be identified 
with the inflow of large amounts of flood water 
carrying a large amount of homogeneous 
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clayey suspension. The ferrous precipitation 
regularly occurring at this level is the result of 
post-sedimentation processes associated with 
the penetration of the plant root systems. This 
level of fine-grained sediment should be 
identified with the distal zone of the floodplain 
(Gradziński 1973). In the depth from 70 to 20 
cm the average size of grains decreases 
upward, the sorting of sand improves and the 
skewness is positive indicating a stabilization 
of the river energy which makes the conditions 
favourable for deposition. The sequence 
characterised by a diminution of grain size 
towards to the top is considered as a diagnostic 
cyclothem of a meandering river. The lower 
part of this sequence is formed of lateral 
growth alluvial deposits by bottom flow 
transport while the upper part of the cyclothem 
is vertical growth alluvium deposited during 
floods (Szmańda 2011). The section from 20 
cm depth to the land surface is a currently 
forming floodplain. The sequences of mineral 
deposits described should be regarded as an 
indicator of natural influences shaping this 
river system. An important indicator of the 
changes recorded in this exposure is the 
species composition of macronutrients with the 
rare species Juncus Subnodulosus, which 
provides evidence that the herbaceous layer 
could be also present in the study zone of the 
Bobrza valley (Fig. 7 III). The fragments of 
rock are an ambiguous indicator, which can be 
interpreted in two ways. However, the author 
inclines to the thesis that they are related to 
human activity.  
At the "Mill" site, the known time frame 
for the initiation and application of human 
impact allows for a certain positioning of 
changes in time. In the case of the location in 
question, we are dealing with a specific 
structure, a two-part stone dam with a weir and 
a sluice gate supplying a mill. According to the 
study by Wyżga (2005) and Kościelniak 
(2005) it is just this type of structure that 
causes the greatest changes to riverbed 
morphology. As with all water mills 
constructed in the valleys of relatively small 
rivers, this was also a location where a pond 
was established in the bed of the watercourse 
(Kobojek 2009) (Fig. 7 IV). By analysing 
archival and contemporary photographs, we 
get a view of the situation in this part of 
channel during the operation of the mill dam 
and its facilities up to the present. On 
abandonment of the dam, it was mainly its 
higher parts that were preserved. Obstruction 
of the riverbed resulted in changes in 
morphology, dividing it into two zones above 
and below the dam, which is the typical result 
of the impact of this type of structure (Witek 
2012; Witek, Białobrzeska 2012). The clearest 
changes caused by the construction of the dam 
are presented in a longitudinal profile along the 
main channel of the Bobrza river passing over 
the weir. Very clearly visible is the weir that 
separates the zone of accumulation of 
sediments above and the erosion zone and the 
secondary zone of accumulation below. These 
zones were mainly formed when the weir and 
mill sluice mechanism were in operation. 
According to research by Podgórski (2009), 
conducted in the Chełmińskie Lakeland, mill 
ponds were a local zone of sediment 
accumulation, while parts of the channel below 
obstructions were characterised by a 
significant deepening. The gradually degraded 
and deteriorating dam supplying the mill 
slowed down the process of the scouring of 
sludge from the accumulation zone, and the 
zone of erosion was partially buried and has 
lost its distinctive character. The channel has 
not yet returned to equilibrium. The process is 
confirmed by the results of Witek and 
Białobrzeska (2012) obtained during tests on 
larger structures of this type in the Kłodzko 
area. On this basis, you may well find that the 
changes caused by the operation of the mill 
buildings occurred in a very similar way, with 
both large and small scale buildings. The 
length of backwater retained in the pond after 
the dam broke and the degree of water 
lowering has highlighted the degree of 
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undercutting of the shore and widening of the 
channel. The uneven bank, which used to be 
the bottom of the channel, creates a 
contemporary subterrace in the main channel. 
The main channel was wider during the period 
when it was dammed. However, as is apparent 
from the channel cross profile seen in the water 
flow  above the dam, it is relatively deep 
restricting the upward expansion of the edges. 
Under natural conditions, the increase in depth 
of the channel is compensated for by a 
reduction in its width and a reduction in slope 
of the river profile (Wyżga et al. 2008). 
However the cross profile below the dam 
shows a channel with a regular plan, slightly 
wider with lower, almost vertical banks. The 
disorder in the correct sequence of relief-
forming processes was caused by the 
interruption of the dam, the increase in the fall 
of the channel above the dam, and the 
consequent transformation of its plan from the 
period of operation of the mill and the dam. 
Currently, secondary erosion of the river above 
the dam restricts the possibility of 
accumulation of overbank deposits in the 
bottom of the valley and the retention of flood 
water on the flood plains. 
 
Conclusions 
 
In the selected study area natural and 
anthropogenic transformation of the Bobrza 
river system was found, based on the following 
indicators: 
 the age of the substrate, a comparison of the 
palaeomeander parameters, its fill and the 
processes identified, should be regarded as 
indicators of the natural origin and 
development of the palaeomeander, 
 the sequence of mineral deposits is an 
indicator of natural influences shaping the 
river system; the grain size composition 
index and lithofacial analyses of deposits 
fully allowed for unambiguous 
identification of depositional environments, 
 the species composition of macronutrients, 
including the rare Juncus subnodulosus, 
gives rise to the assertion that such a 
herbaceous layer was also present in the 
study section of the Bobrza valley, 
 most of the evidence related to the 
fragments of rock in the bank exposure 
indicates that they appeared there in 
connection with human activity, 
 the operation of a water mill and the 
associated transformation of relief should 
be explicitly considered as an indicator of 
anthropogenic trigger factors transforming 
the system, 
 in addition, it is worth mentioning that in 
the "Bobrza channel" site, the only 
subfossil stand of Juncus subnodulosus in 
the south-eastern part of Poland was 
discovered. 
 
Acknowledgments 
 
I would like to thank Dr hab. Krzysztof 
Wójcicki (University of Silesia, Katowice, 
Poland) for the analysis of the content of 
macronutrients and helpful discussion. Special 
thanks go to Prof. Dr Hab. Ireneusz Malik for 
many useful comments during the preparation 
of the manuscript. 
 
References 
 
Bolewski A., Manecki A. (1993) Particulary 
mineralogy. (Mineralogia szczegółowa). 
Polska Agencja Ekologiczna, Warszawa, 
289-290 (in Polish). 
Brocard G.Y., van der Beek P.A., Bourlès 
D.L., Siame L.L., Mugnier J.L. (2003) 
Long-term fluvial incision rates and 
postglacial river relaxation time in the 
French Western Alps from 
10
Be dating of 
alluvial terraces with assessment of 
inheritance, soil development and wind 
ablation effects. Earth and Planetary 
Science Letters, Vol. 209, 197-214.  
 
Brought to you by | Uniwersytet Slaski - University of Silesia - Silesian University
Authenticated
Download Date | 11/23/17 12:22 PM
Contemp.Trends.Geosci., 5(1),2016,46-60  DOI:10.1515/ctg-2016-0004 
 
57 
 
Buliński M. (2005) Występowanie Juncus 
subnodulosus Schrank w Gdańsku. 
Occurrence of Juncus subnodulosus 
Schrank in Gdańsk. Acta Botanica 
Cassubica 5, 145-147 (in Polish). 
Burchard J. (1978) Water circulation in Bobrza 
basin. (Obieg wody w dorzeczu Bobrzy). 
Acta Geographica Lodziensia 40, Łódź (in 
Polish). 
Chomentowska  B. (1982) Contribution to the 
knowledge of calcareous industry in 
younger pre-Roman times and the early 
Roman period in the Mazovia region. 
(Przyczynek do znajomości wapiennictwa 
w młodszym podokresie przedrzymskim i 
wczesnym okresie rzymskim na 
Mazowszu). Światowit: rocznik 
poświęcony archeologii przeddziejowej i 
badaniom pierwotnej kultury polskiej i 
słowiańskiej, 35, 109-116 (in Polish). 
Czarnocki J. (1957) Tectonics of Holy Cross 
Mountains. Stratigraphy and tectonics of 
the Holy Cross Mountains. (Tektonika Gór 
Świętokrzyskich. Stratygrafia i tektonika 
Gór Świętokrzyskich). Prace IG 18 t. II, z. 
1, 19–107 (in Polish). 
Czebreszuk J. (2009) Outline of prehistoric 
cultural landscape changes on 
Wielkopolska-Kujawy Lowland. (Zarys 
pradziejowych przemian krajobrazu 
kulturowego na Nizinie Wielkopolsko-
Kujawskiej). [In:] (ed. Hildebrandt-Radke 
I.,  Jasiewicz J., Lutyńska M.). Record of 
human activity in the natural environment. 
(Zapis działalności człowieka w 
środowisku przyrodniczym). Tom. 6, 36-
39 (in Polish). 
Dylikowa A. (1973) Geography of Poland, 
Geographic Lands. (Geografia Polski, 
Krainy Geograficzne). Państwowe Zakłady 
Wydawnictw Szkolnych i Pedagogicznych, 
Warszawa (in Polish). 
Filonowicz P. (1971) Detailed geological map 
of Poland in 1:50 000 scale. (Szczegółowa 
mapa geologiczna Polski w skali 1:50 000. 
ark. Kielce.) Wyd. Geol., Warszawa (in 
Polish). 
Florek W. (2008) Czy renaturyzacja koryt rzek 
przymorskich może stanowić remedium na 
skutki ich XIX-i XX-wiecznej regulacji? 
Can Pomeranian river channels restoration 
be a remedy for the consequences of their 
19th and 20th century regulation? Słupskie 
Prace Geograficzne, 5, 75-91 (in Polish). 
Gałka M. (2009)  A Juncus subnodulosus 
SCHRANK fossil site in Holocene 
biogenic biogenic deposits of Lake Kojle. 
Studia Limnologica et Telmatologica 3, 2, 
55-59. 
Gębica P., Starkel L. (1987) The evolution of 
the Vistula river valley at the northern 
margin of the Niepołomice Forest during 
last 15,000 years. [In:] (ed. Szczęsny R.). 
Evolution of the Vistula river valley during 
the last 15,000 years. Part II Geogr. Stud., 
Special Issue, 4. 
Gilewska S. (1972) Śląsko-Małopolskie 
Uplands. (Wyżyny Śląsko-Małopolskie). 
[In:] (ed. Klimaszewski M.). 
Geomorphology of Poland. 
(Geomorfologia Polski). PWN, Warszawa, 
234–340 (in Polish). 
Gradziński R. (1973) Highlighting and 
classification of fossil river sediments. 
(Wyróżnianie i klasyfikacja kopalnych 
osadów rzecznych). [In:] Progress of 
Geological Sciences. Postęp Nauk 
Geologicznych. Wyd. Geol. 57-112 (in 
Polish). 
Grimaud J. L., Chardon D., Beauvais A. 
(2014) Very long-term incision dynamics 
of big rivers. Earth and Planetary Science 
Letters, Vol. 405, 74-84. 
Hupp C. R., Bornette G. (2003) Vegetation as 
a tool in the interpretation of fluvial 
geomorphic processes and landforms in 
humid temperate areas. [In:] (ed. Kondolf 
G. M.). Tools in fluvial geomorphology, 
Wiley, Chichester, 269-284. 
Kaczmarzyk J., Florek W., Olszak I. J. (2008) 
Górnoholoceńskie i współczesne formy i 
Brought to you by | Uniwersytet Slaski - University of Silesia - Silesian University
Authenticated
Download Date | 11/23/17 12:22 PM
Contemp.Trends.Geosci., 5(1),2016,46-60  DOI:10.1515/ctg-2016-0004 
 
58 
 
osady pozakorytowe w dolinie środkowej 
Wieprzy. Late Holocene and recent 
landforms and floodplain deposits in the 
middle Wieprza valley Landform 
Analysis 7, 80-94 (in Polish). 
Kalicki T. (2006) Zapis zmian klimatu oraz 
działalności człowieka i ich rola w 
holoceńskiej ewolucji dolin 
środkowoeuropejskich. Reflection of 
climatic changes and human activities and 
their role in the Holocene evolution of the 
Central European Valley Vol. 204. IGiPZ 
PAN, 44-49 (in Polish). 
Kalicki T., Tyniec A. (2009) Changes of the 
channel and sedimentation in the area of 
early medival settlement on the Brzezie 20 
position near Krakow. (Zmiany koryta i 
sedymentacji w rejonie 
wczesnośredniowiecznej osady na 
stanowisku Brzezie 20 koło Krakowa) [In:] 
(ed. Hildebrandt-Radke I.,  Jasiewicz J., 
Lutyńska M.). Record of human activity in 
the natural environment.  (Zapis 
działalności człowieka w środowisku 
przyrodniczym). 69 (in Polish). 
Kittel P., Forysiak J., Błaszczyk J., Cywa K., 
Wacnik A., Tomczyńska Z., Obremska M. 
(2008) Examples of impacts on 
communities prehistoric environment in 
the Bechcice and Wierzbowa region 
(Central Poland) (Przykłady oddziaływań 
społeczności pradziejowych na środowisko 
naturalne w rejonie Bechcic i Wierzbowej 
(Polska Środkowa)). Landform Analysis 9, 
289-292 (in Polish). 
Kmieć H. (1998) Reinforcing Technique from 
the Bobrza river and its surroundings from 
the sixteenth to the nineteenth century. 
(Technika zbrojeniowa nad rzeką Bobrzą 
oraz w jej okolicach od XVI do XIX 
wieku). SDS, Kielce (in Polish). 
Kobojek E. (2009) Naturalne uwarunkowania 
różnych reakcji rzek nizinnych na 
antropopresję na przykładzie środkowej 
Bzury i jej dopływów. Natural conditions 
of various reactions of lowland rivers on 
anthropopression as exemplified by the 
middle Bzura river and its tributaries. 
Wydawnictwo Uniwersytetu Łódzkiego, 
Łódź. Wydawnictwo Uniwersytetu 
Łódzkiego, Łódź, 61-71 (in Polish). 
Korpak J., Krzemień, K. and Radecki-Pawlik, 
A. (2008) Wpływ czynników 
antropogenicznych na zmiany koryt 
cieków karpackich. Influence of 
anthropogenic factors on changes in the 
Carpathian stream channels. Infrastruktura 
i Ekologia Terenów Wiejskich 
infrastructure and Ecology of the 
Countryside, 4, a monograph series, 
Komisja Technicznej Infrastruktury Wsi, 
PAN, 1–88 (in Polish). 
Kostrzewski A., Mazurek, M.,  Zwoliński, Z. 
(1994) Dynamika transportu fluwialnego 
górnej Parsęty jako odbicie 
funkcjonowania systemu zlewni. Dynamics 
of fluvial transport of the upper Parsęta 
River as a response of the catchment 
system. Wydawnictwo Naukowe, Poznań, 
1-165 (in Polish). 
Kościelniak J. (2005) The Czarny Dunajec 
River, Poland, as an ex ample of human-
induced development tendencies In 
mountains River channel. Landform 
Analysis.  (Skuteczność hydrotechnicznej 
regulacji koryta górskiej rzeki na 
przykładzie Białego Dunajca). [In:] (ed. 
Kotarba A., Krzemień K., Święchowicz J.). 
VII Zjazd Geomorfologów Polskich, 
Współczesna ewolucja rzeźby Polski, 
Kraków, 222–226 (in Polish). 
Król P., Urban J., Garus R. (2010) Monuments 
of mining and metallurgy Old Polish 
Industrial District in the upper Bobrza 
valley. (Zabytki górnictwa i hutnictwa 
Staropolskiego Okręgu Przemysłowego w 
dolinie górnej Bobrzy). Agencja JP. Kielce 
1-84 (in Polish). 
Krupa J. (2013) Natural and anthropogenic 
factors influenced Czarna Nida river valley 
during the Late Glacial and 
Holocene. Folia Quaternaria, 81,1, 5-174. 
Brought to you by | Uniwersytet Slaski - University of Silesia - Silesian University
Authenticated
Download Date | 11/23/17 12:22 PM
Contemp.Trends.Geosci., 5(1),2016,46-60  DOI:10.1515/ctg-2016-0004 
 
59 
 
Luc  M.,  Szmańda  J. B. (2009) Impact of 
human activity on the transformation of 
dunes on the example of dune in Kepa 
Kujawska and St. Lawrence Mount. 
(Wpływ działalności człowieka na 
transformację wydm na przykładzie 
wydmy w Kępie Kujawskiej i Góry św. 
Wawrzyńca) [In:] (ed. Hildebrandt-Radke 
I., Jasiewicz J., Lutyńska M.). Record of 
human activity in the natural environment.  
(Zapis działalności człowieka w 
środowisku przyrodniczym) 92-94 (in 
Polish). 
Ludwikowska-Kędzia M. (2000) The evolution 
of middle section of the Belnianka river 
valley in the Late Glacial and Holocene.  
(Ewolucja środkowego odcinka doliny 
rzeki Belnianki w późnym glacjale i 
holocenie). Dialog, Warszawa, 49-155 (in 
Polish). 
Majewski M. (2008) Late Vistulian and 
Holocene evolution of slope landforms and 
deposits in the Jasień lake trough. 
Ewolucja form i osadów stokowych w 
późnym vistulianie i holocenie w rynnie 
jeziora Jasień. Landform Analysis 7, 95-
101 (in Polish). 
Malik I., Wistuba M., Opała M., Franek M., 
Woskowicz-Ślęzak, B., Mańczyk G.,  
Tyrol C. (2015)  Historical water-powered 
ferrous metallurgy reconstructed from tree-
rings and lacustrine deposits (Mała Panew 
basin, southern Poland). Geochronometria 
42, 1. 
Matuszkiewicz W. (2006) Guide for the 
determination plant in Poland. 
(Przewodnik do oznaczania zbiorowisk 
roślinnych Polski). PWN, Warszawa, 328-
346 (in Polish). 
Owczarek P. (2004) Mechanism of delivery 
and deposition coarse-grained fraction 
weathering into riverbeds during the floods 
(East Sudety). (Mechanizm dostawy i 
depozycji grubo frakcyjnych zwietrzelin do 
koryt rzecznych w czasie wezbrań (Sudety 
Wschodnie)). [In:] (ed. Engel Z.). 
Geomorfologicky Sbornik 3, Ceska 
Asociace Geomorfologu, Praha, 54-55 (in 
Polish). 
Petera-Zganiacz J., Forysiak J. (2012) History 
of development of the warta valley in the 
uniejów basin (Historia rozwoju doliny 
Warty w basenie uniejowskim). Biuletyn 
Uniejowski, 1, 23-41 (in Polish). 
Podgórski Z. (2009) Watermills and the 
landscape of the Chełmno Lakeland. 
(Młyny wodne w krajobrazie Pojezierza 
Chełmińskiego). Prace i Studia 
Geograficzne, 41, 151-161 (in Polish). 
Reder J., Superson J.,  Król T. (2010) Phases 
of settlements in the western part of 
Nałęczów Plateau and their impact on 
sediments in the bottom of Bystra Valley. 
Etapy rozwoju osadnictwa zachodniej 
części Płaskowyżu Nałęczowskiego i ich 
zapis w osadach dna doliny Bystrej. 
Annales Universitatis Paedagogicae 
Cracoviensis Studia Geographica, 1, 126-
136 (in Polish). 
Stewart A. M., Desloges J. R. (2014) A 9000-
year record of vertical and lateral accretion 
on the floodplain of the lower Thames 
River, southwestern Ontario, Canada, and 
implications for archaeological research, 
Original Research. Article 
Quaternary International, Vol. 342, 161-
172. 
Szmańda J. B. (2011) Record of depositional 
conditions In grain size composition of 
overbank deposits. Zapis warunków 
depozycji w uziarnieniu aluwiów 
pozakorytowych. Landform Analysis 18, 
3-97 (in Polish). 
Szwajgier W. (1999) Development conditions 
of the Bug valley on section Horodło-
Włodawa during the late Vistulian and 
Holocene. (Warunki rozwoju doliny Bugu 
na odcinku Horodło-Włodawa w czasie 
późnego Vistulianu i w Holocenie). In 
Annales UMCS, B Vol. 54, No. 6 (in 
Polish). 
Brought to you by | Uniwersytet Slaski - University of Silesia - Silesian University
Authenticated
Download Date | 11/23/17 12:22 PM
Contemp.Trends.Geosci., 5(1),2016,46-60  DOI:10.1515/ctg-2016-0004 
 
60 
 
Twardy J., Forysiak J., Rzepecki S. (2008) 
Relief transformations of monadnock high 
Mroga river valley level (Upland Lodz) 
under the conditions of anthropopression  
in archaeological excavations and 
geomorphological analysis. Przeobrażenia 
rzeźby ostańca wysokiego poziomu 
dolinnego rzeki Mrogi (Wysoczyzna 
Łódzka) w warunkach antropopresji w 
świetle archeologicznych badań 
wykopaliskowych i analiz 
geomorfologicznych. Landform Analysis 
9, 328-333 (in Polish). 
Witek M. (2012) The impact of hydraulic 
engineering structures on present-day 
morphology of Kłodzko County river 
channels Wpływ zabudowy hydro-
technicznej na współczesne kształtowanie 
rzeźby koryt rzek ziemi kłodzkiej. 
Landform Analysis, 19, 91-102 (in Polish). 
Witek M.,  Białobrzeska M. (2012) The impact 
of hydrotechnical engineering facilities on 
the morphology of rivers under Klodzko 
County GIS analysis : an outline of the 
problem and research plans. 
Oddziaływanie obiektów hydro-
technicznych na morfologię koryt rzek 
ziemi kłodzkiej w świetle analizy GIS: 
zarys problemu i zamierzenia 
badawcze. Landform Analysis 20, 103-116 
(in Polish). 
Wójcicki K. J. (2013) Biogenic sediments in 
the deposition environment of oxbow lakes 
(accumulation conditions and 
paleoenvironmental pronunciation 
examples from the upper Odra river basin. 
(Osady biogeniczne w środowisku 
depozycyjnym starorzeczy warunki 
akumulacji i wymowa paleośrodowiskowa 
na przykładach z dorzecza górnej Odry). 
Uniwersytet Śląski, Katowice (in Polish). 
Wyżga B. (2005) Identification of threats for 
the sustainability environmental of 
mountain streams and proposed remedial 
action in the principles of good practice. 
(Identyfikacja zagrożeń dla 
zrównoważonego stanu środowiska cieków 
górskich i proponowane działania zaradcze 
w świetle zasad dobrej praktyki). [In:] (ed. 
Kotarba A., Krzemień K., Święchowicz J.). 
VII Zjazd Geomorfologów Polskich, 
Kraków 19–22.09.2005. Współczesna 
ewolucja rzeźby Polski, Kraków, 525–530. 
(in Polish). 
Wyżga B., Zawiejska J.,  Radecki-Pawlik A. 
(2008) Determination of rivers erosion and 
its impact on the hydraulic flow of flood - 
examples of Carpathian rivers. (Określanie 
wielkości wcięcia się rzek i jego wpływu 
na hydraulikę przepływów wezbraniowych 
- przykłady z rzek karpackich). Landform 
Analysis 9, 402-405 (in Polish). 
Zarzycki K., Trzcińska-Tącik H., Różański W., 
Szeląg Z., Wołek J., Korzeniak U. (2002) 
Ekologiczne liczby wskaźnikowe roślin 
naczyniowych Polski. Ecological index 
numbers for vascular plants in Poland. 
PAN, Kraków (in Polish). 
Zieliński T. (1995) Lithofacies and genetic 
codes: construction and application (Kod 
litofacjalny i litogenetyczny – konstrukcja i 
zastosowanie). [In:] (ed. Mycielska-
Dowgiałło E., Rutkowski J.). Researches 
of Quaternary Sediments (Badania osadów 
czwartorzędowych). Uniw. Warsz., 
Warszawa, 220–235 (in Polish). 
 
Brought to you by | Uniwersytet Slaski - University of Silesia - Silesian University
Authenticated
Download Date | 11/23/17 12:22 PM
